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Abstract:
The purpose of this experiment was to analyze chicken breast fractions through affinity
chromatography for protein modifications by glutathione disulfide (GSSG). The fractions were
incubated with different concentrations of GSSG to determine potential modified proteins. There
were proteins modified with GSSG at 33 kDa in fraction I, at 16 kDa, 36 kDa, and 44kDa in
fraction II, and at 36 kDa in fraction III for the concentration dependent reactions. In the time
dependent reaction for fraction II, there were two major proteins at 65 kDa and 176 kDa that
were modified by GSSG. Lastly, we suggest that the major modified protein in fraction III is
glyceraldehyde 3- phosphate dehydrogenase (GAPDH), which has a molecular weight of about
36 kDa.
Introduction:
S-glutathionylation is a type of post-translational modification.1 More specifically, it is a
type of reversible post-translational modification in which a protein mixed disulfide
spontaneously or enzymatically reacts with reduced glutathione under oxidative stress
conditions.2 Glutathione has a cysteine amino acid residue that is of the utmost importance in Sglutathionylation. The reactive side chain of cysteine is a thiol group, -SH, which reacts with
other cysteine residues that may be present in a protein. When the two cysteines react, it forms a
disulfide bridge, which is a very strong bond. The formation of this disulfide bridge between a
glutathione-cysteine and a cysteine in a protein of interest is S-glutathionylation. The occurrence
of S-glutathionylation can be influenced by how easily available and reactive the disulfide group
is in the protein to react with glutathione.1
Glutathione is a molecule composed of three amino acids: glutamic acid, cysteine, and
glycine.3 Glutathione has a unique property that stabilizes it within a cell; this property is the
presence of a 𝛾-carbon at the central carbon of the glutamic acid instead of an 𝛼-carbon.3 Since
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proteases, which breakdown proteins in a cell, recognize only 𝛼 -carbons, the presence of the 𝛾carbon makes the glutathione a very stable molecule and resistant to degradation by proteases.3
The interaction of the reduced cysteine residues and glutathione occurs through a process called
S-glutathionylation.
Glutathione’s many different jobs within the cell include “antioxidant defense,
maintenance of redox potential, redox signaling, and regulation of cell growth and death.”1 The
activity of glutathione within the cell can be regulated by the different concentrations of reduced
and oxidized glutathione. Under normal conditions, there will be a higher concentration of
reduced glutathione, GSH, and a smaller concentration of oxidized glutathione, GSSG; most
processes that occur within a cell require the glutathione to be reduced.1 The presence of a high
concentration of GSSG indicates that the cell is in an oxidized state, and therefore can be a sign
of disease in the cell. S-glutathionylation can protect these cells from oxidative damage.
S-glutathionylation mainly occurs to protect the cells when the oxidative stress of the cell
is very high.1 It is a reversible process, so when the damaging oxidative stress is gone, the
proteins can be de-glutathionylated by the protein glutaredoxin.4 The fact that this is a reversible
process also acts as a regulatory mechanism for cellular processes.3 S-glutathionylation can act
as a protective and regulatory mechanism against many other diseases as well. Some of these
diseases include, HIV infection, hyperlipidemia, diabetes, cancer and aging.3 If the mechanism
of S-glutathionylation can be understood, then its use as a protective mechanism and a regulatory
tool will help researchers and doctors learn how to treat some diseases and may even lead to a
cure for some debilitating diagnoses. S-glutathionylation is multifaceted in its function within a
cell, including its protective and regulatory roles in many different situations, most notably
oxidative conditions.
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Chicken breast crude muscle extract is analyzed in this experiment because it is a source
that is rich in protein. It is a good resource to use because of the potential of modified proteins
separated from the muscle extract through affinity chromatography. Certain proteins can be
separated from the crude chicken breast muscle sample by affinity chromatography. This
technique is used to remove important parts of a mixture by separating components based on its
ability to bond with beads in a vertical column filled with polysaccharide polymers.5 These beads
have different functional groups that attract certain molecules in order to attract and remove the
desired components from the crude extract.5 In this experiment, dehydrogenases are removed
from the crude chicken breast sample with the use of Reactive Blue-agarose, in other words,
agarose with Cibacron Blue covalently attached to it.5 Since these beads are specific to attracting
different dehydrogenases, only dehydrogenases can attach to these beads as the crude chicken
breast is passed through the affinity chromatography column while the rest of the extract moves
through the column and is collected at the bottom.5 The Reactive Blue agarose beads are the
stationary phase to which the dehydrogenase attaches.5 The rest of the extract and the Tris-HCl
buffer that is not attracted to the Reactive Blue agarose beads is the mobile phase.5
Three fractions are collected from the separation of dehydrogenases from the chicken
breast sample. The first fraction is the supernatant of the centrifugation.5 The second fraction is
collected as the “flow through” that passes through the column.5 So, fraction II contains that
components of the crude extract that are not attracted to the column, so any protein other than the
dehydrogenases. The column is then washed three times with buffer solution to remove other
dehydrogenases that may have been attracted to the beads other than dehydrogenases.5 The
components of the fourth elution step consist of fraction III. The fourth elution consists of a wash
with buffer solution including NADH to remove the dehydrogenases from the beads as well as a
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second wash with Tris-HCl that collects the rest of the dehydrogenases that may have been left
on the beads.5 NADH is used to remove the dehydrogenases from the beads because it has a
higher binding affinity for NADH than the Reactive Blue agarose beads.5 There are many
different proteins within these fractions. These proteins can be modified by reducing the proteins
first with DTT, dithiothreitol, which is a reducing agent.6 This reducing agent is used to break
disulfide bonds and reduce the cysteine residues on dehydrogenases.6 When these cysteine
residues are reduced, they can easily react with glutathione.
The main protein of interest in these analyzes was Glyceraldehyde 3-phosphate
dehydrogenase (GAPDH). Glyceraldehyde- 3 phosphate dehydrogenase (GAPDH) is an enzyme
that is essential to the glycolytic pathway.7 GAPDH has the enzyme that catalyzes the reaction of
glyceraldehyde 3-phosphate to 1,3-bisphosphoglycerate.7 This reaction is a substrate level
phosphorylation reaction, which is very important to provide energy, in the form of NADH and
ATP, for the cell.7 It has a very important role in providing energy for the cell and is the main
protein that was identified in this experiment.
In order to visualize S-glutathionylation, this project includes the use of many different
methods and techniques. Some of these include SDS PAGE and Western Blotting. SDS PAGE is
run to separate the protein of interest based on its molecular weight, which is specific to each
protein. For example, the molecular weight of lactate dehydrogenase is 35 kDa.8 We would
expect to see a band at 35 kDa, and we can visualize this band by the use of Western Blotting.
Western blotting allows us to visualize a protein on a membrane. This is accomplished by
separating the proteins of interest by molecular weight on a gel, transferring the proteins from a
gel to a membrane, and then incubating with the membranes with different primary and
secondary antibodies to help identify the proteins. 9 The separation by size occurs with SDS
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PAGE as discussed above. After SDS PAGE, the proteins are transferred from the agarose gel to
a membrane, where the proteins can be easily visualized. In order for the proteins to be observed
on the membrane, the membrane must be blocked with milk solution to prevent staining in areas
without protein.9 The membrane is then washed and incubated with both a primary and
secondary antibody. Then a color reaction occurs to show the proteins on the membrane.
Through running multiple trials and incubating the membrane with different antibodies such as
anti-GSSG, it can be observed if the lactate dehydrogenase was S-glutathionylated. Overall,
through the use of molecular weight estimation, the different proteins that can be modified with
GSSG can be identified.
Material and Methods:
Multiple experiments were conducted to determine the proteins present in different
fractions of crude chicken breast. There were three different fractions that differed in the amount
of protein present in each. First, 10 𝜇L of fraction I of the crude chicken breast sample was taken
and incubated with 1 𝜇L of 5mM DTT, this process was repeated four times. These samples
were then placed in a 30℃ water bath for 30 minutes. After the 30 minutes, the four
microcentrifuge tubes were collected. In the first tube, 0.5 𝜇L of GSSG was added, which
resulted in a 10 mM GSSG solution. In the second tube, 1 𝜇L of GSSG was added, which
resulted in a 25 mM GSSG solution. In the third tube, 2 𝜇L was added, resulting in a 50 mM
GSSG solution. These three tubes were placed back into the 30℃ water bath for 30 minutes. The
fourth tube was the control, so no GSSG was added. After those 30 minutes, the tubes were
removed from the water bath and 2x sample buffer without 𝛽- mercaptoethanol was added to
each of them. Exactly 11.5 𝜇L 2x S.B., 12.5 𝜇L 2x S.B., 13.5 𝜇L 2x S.B., and 11 𝜇L 2x S.B.
were added to the 10mM GSSG, 25 mM GSSG, 50 mM GSSG, and control tube, respectively.
These tubes were then placed into a heating block at 95℃ for 5 minutes. These samples were
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then loaded into a gel which was run through SDS PAGE and then a western blot. The PVDF
membrane was incubated with a primary and secondary antibody. The primary antibody was
anti-glutathione (1:1000) and the secondary antibody was anti-mouse (1:1000). A color reaction
was then performed to visualize the bands on the membrane. This same process was repeated for
fraction II.
Fraction III was also analyzed for proteins that could potentially be modified by
glutathione. In four different microcentrifuge tubes, 20 𝜇L of fraction III and 1 𝜇L of 5mM DTT
were added. These tubes were placed into a 30℃ water bath for 30 minutes. After the 30
minutes, the four tubes were taken out of the water bath. The first tube, which was the control,
was kept to the side and nothing was added to it. Exactly 0.5 𝜇L of GSSG was added to the
second sample, which resulted in a 10mM GSSG solution; 1.0 𝜇L of GSSG was added to the
third sample, resulting in a 25 mM GSSG solution; and 2.0 𝜇L of GSSG was added to the fourth
sample, resulting in 50mM GSSG solution. These samples were then placed into the 30℃ water
bath for 30 minutes. After the 30 minutes, 21 𝜇L 2x S.B., 21.5 𝜇L 2x S.B., 22.0 𝜇L 2x S.B. and
23.0 𝜇L 2x S.B. into the control, 10mM GSSG, 25 mM GSSG, and 50 mM GSSG solutions,
respectively. This 2x sample buffer did not have 𝛽- mercaptoethanol These samples were then
placed in the heating block at 95℃ for 5 minutes. After this heating period, the samples were
then loaded into a gel and SDS PAGE and a western blot were completed. The PVDF membrane
was then incubated with a primary, anti-glutathione (1:1000), and a secondary, anti-mouse
(1:1000), antibody. A color reaction was then performed to visualize the bands on the membrane.
The next experiment was a time-dependent study using fraction II. The data was collected
from samples of 2.5 mM GSSG and 5.0 mM GSSG incubated for 10, 20 and 30 minutes in the
30℃ water bath. First, 10 𝜇L of fraction II was added to 1 𝜇L DTT in 7 different microcentrifuge
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tubes. These were incubated in the 30℃ water bath for 30 minutes. After the 30 minutes, 1 𝜇L of
25 mM GSSG was added to three of the tubes, resulting in three 2.5 mM GSSG solutions; and 2
𝜇L of 25 mM GSSG was added to another three of those tubes, resulting in 5.0 mM GSSG
solutions; lastly, 1 of the tubes was the control, so no GSSG was added. All of the samples,
besides the control, were incubated in the 30℃ water bath for 10, 20, and 30 minutes. After the
second incubation, the samples were removed at their specified times and 2x sample buffer
without 𝛽- mercaptoethanol was added to each vial. In the control vial, 11 𝜇L 2x S.B., 12 𝜇L 2x
S.B., and 13 𝜇L 2x S.B. were added to the control tube, 2.5 mM GSSG tubes, and 5.0 mM GSSG
tubes, respectively. These samples were then added to a heating block at 95℃ for 5 minutes.
These samples were loaded into the gel and SDS PAGE and western blot were run. The PVDF
membrane was then incubated with a primary, anti-glutathione (1:1000), and secondary, antimouse (1:1000), antibody. A color reaction was then performed to visualize the bands on the
membrane.
Lastly, the same procedure used for fraction III concentration dependent experiment was
used, but only samples of 10 mM GSSG and 25 mM GSSG were made. These samples were
loaded into the gel the same way, but after the SDS PAGE and Western Blot, the membrane was
incubated with two different antibodies. The primary antibody was anti-GAPDH antibody and
the secondary antibody was anti-rabbit antibody. The membranes were then analyzed, and
significant bands were identified. The molecular weight of the bands was estimated using
molecular weight estimation.
Results:
Overall Statement:
Different fractions of chicken breast extract were separated using affinity
chromatography. The first fraction, which was the crude extract, was incubated with different
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concentrations of chicken breast extract. The membrane results are included below and there was
a significant band at 33 kDa, but the identity of the band is unknown and needs further testing to
be identified. There was also a concentration dependence in these fractions because as the
concentration of GSSG increased, the intensity of the band also increased.

Figure 1. Western Blot of S-glutathionylation in Fraction 1. Lane 1 is the control, lane 2 is
10mM GSSG, lane 3 is 25mM GSSG, lane 4 is 50mM GSSG, and lane 5 is the molecular weight
standard. There was a significant protein band observed at 33 kDa.
The second fraction from separation of chicken breast extract using affinity chromatography was
incubated with different concentrations of GSSG. Through incubation of the membrane with
antibodies, there was a significant band observed at 16kDa, 36kDa, and 44kDa. The identities of
these bands can be suggested through further analysis. Additionally, there was a concentration
dependance seen in the bands. As the concentration of GSSG increased, the intensity of the band
also increased.
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Figure 2. Western Blot of S-glutathionylation in Fraction II. Lane 1 is control, lane 2 is 10mM
GSSG, lane 3 is 25mM GSSG, lane 4 is 50mM GSSG, and lane 5 is the molecular weight
standard. There were significant bands observed at 16kDa, 36kDa, and 44kDa.
The results of the proteins present in the third fraction from the affinity chromatography
separation of chicken breast extract is included below. There was a significant band observed at
36 kDa. The identity of this band can be identified with further experimentation. There was also
a concentration dependence among these bands because as the concentration of GSSG increased,
the band intensity also increases.
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Figure 3. Western Blot of S-glutathionylation in Fraction III. Lane 1 is the control, lane 2 is
10mM GSSG, lane 2 is 25mM GSSG, lane 3 is 50mM GSSG, and lane 5 is the molecular weight
standard. There was a significant band at 36kDa.
Time-dependent reactions for fraction III were completed by incubating fraction III with
different concentrations of GSSG for different incubation times. From this analysis, there were
two significant bands identified at 176kDa and 65kDa. There was also a concentration
dependence trend observed because as the concentration increased, the intensity of the band also
increased.
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Figure 4. Western Blot of S-glutathionylation in Fraction III at different times. Lane 1 is the
control, lane 2 is 2.5mM GSSG for 10 minutes, lane 3 is 2.5mM GSSG for 20 minutes, lane 4 is
2.5mM GSSG for 30 minutes, lane 5 is 5.0mM GSSG for 10 minutes, lane 6 is 5.0mM GSSG for
20 minutes, lane 7 is 5.0mM GSSG for 30 minutes, and lane 8 is the molecular weight standard.
There were significant bands observed at 65kDa and 176kDa.
Lastly, fraction III was treated with different concentrations of GSSG, but the membrane was
incubated with anti-GAPDH antibody instead of anti-GSSG antibody. Through this analysis,
there was a significant band evident at 36kDa and it can be identified as glyceraldehyde 3phosphate dehydrogenase or GAPDH. There was also a concentration dependence observed on
the membrane and as the concentration of GSSG increased, the intensity of the band increased.

12

Figure 5. Western Blot of the Major Modified Protein in Fraction III with anti-GAPDH antibody.
Lane 1 is the control, lane 2 is 10mM GSSG, lane 3 is 25mM GSSG, lane 4 is the molecular
weight standard. There were significant bands observed at 36kDa.
Discussion:
Proteins in chicken breast extract was separated using affinity chromatography. Fraction I
was the supernatant of the centrifugation, fraction II was the “flow through” or the proteins that
were not attracted to the affinity chromatography column, and fraction III included the final
wash of the beads with buffer and NADH to remove dehydrogenases from the beads. Fraction I
theoretically should have the greatest concentration of proteins and fraction III should have the
lowest concentration of proteins. Also, fraction II should not have a high concentration of lactate
dehydrogenase because it contains the “flow through” or the other proteins that were not
attracted to the Reactive Blue Agarose beads in the affinity chromatography column. In order to
visualize the amount of proteins in these fractions, the samples were prepared and run through a
Western Blot and the membrane was incubated with primary and secondary antibodies to
visualize the proteins.
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In this experiment, the main focus was on whether the proteins within the fractions from
the crude chicken breast could be modified by GSSG after they were reduced by DTT. This was
visualized using the anti-GSSG primary antibody. In the concentration dependent reaction of
fraction I, a significant band was observed at approximately 33 kDa. In fraction II concentration
dependent experiment, there were significant bands observed at 44 kDa, 36 kDa, and 16 kDa.
Lastly, in the fraction III concentration dependent experiment, there was a significant band
observed at 36 kDa. These bands represent different proteins that were modified by GSSG.
These bands were significant because they showed concentration dependence. For example, the
band at 16 kDa, from the fraction II concentration dependent reaction, intensified as the
concentration of GSSG increased. This same thing was observed for the other proteins at the
other molecular weights. The bands that showed this concentration dependence were analyzed
and their molecular weights were estimated. Fraction I had a lot of proteins and the membrane
was filled with many different bands showing that many proteins could be modified by GSSG.
Fraction II also showed a lot of bands that signified that the “flow through” had a lot of bands
that could be modified by GSSG. Lastly, fraction III only had a few bands present on the
membrane after the color reaction. Fraction III should only contain LDH because it contains the
sample that was eluted from the beads, so only LDH and maybe a few dehydrogenases that stuck
on the beads should be present. The one significant band on the fraction III membrane
corresponds with this observation.
Two other experiments were completed as well. These experiments included a time
dependent reaction of fraction II and a concentration dependent reaction of fraction III with a
primary antibody of anti-GAPDH rather than anti-GSSG. In the fraction II time dependent
reaction, there were significant bands at 176 kDa and 65 kDa. These bands were significant
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because the signal intensified as the time of incubation with GSSG increased. The final
experiment used another primary antibody, which was anti-GAPDH. This membrane showed a
significant band at 44 kDa. This band was observed in the control lane as well as the 10mM
GSSG and 25mM GSSG lanes because this protein was present in all of the samples of fraction
III and the modification with GSSG was not the determining factor of this experiment. Since, the
GAPDH band was observed in all of the lanes, it can be concluded that GAPDH was present in
fraction III. This is significant because fraction III should just contain LDH, but GAPDH was
identified on the membrane, so it may have been attracted to Reactive Blue agarose beads as well
and washed off with the fourth elution in fraction III.
Conclusion:
Overall, Figure 5 shows a significant major protein at 36kDa. This significant band can be
suggested to be GAPDH. The protein of interest, GAPDH, was identified at a molecular weight
of 36 kDa. Additionally, it can also be strongly suggested that the bands at 44 kDa in fraction II
membrane, in Figure 2, is actin, which has a molecular weight of 42 kDa.10 Lastly, the band at 16
kDa on the fraction II membrane, in Figure 2, can be suggested to be a Ub carrier protein. This
ubiquitin (Ub) carrier protein has a cysteine residue that can be modified by glutathione.11 Lastly,
there was a concentration dependence among the signals of the protein bands. The proteins
incubated with 50mM GSSG showed the greatest modification with GSSG in fraction I, II, and
III.
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